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14. a Sew ee* 

This report documents the results obtained from fuel economy and emission tests 
conducted on a prototype Chysler Volare diesel vehicle. The vehicle was tested on a 
chassis dynamometer over selected drive cycles and steady-state conditions. The fuel 
used, was a DOE /B ETC "referee" fuel. Particulate emission rates were calculated from 
dilution tunnel measurements and large volume particulate samples were collected for 
biological and chemical analysis. The vehicle obtained 32.7 mpg for the FTP urban 
cycle and 48.8 mpg for the highway cycle. The emissions rates were 0.42/1.58/1.17/0.28 
g/mile of HC, CO, N0 x and particulates respectively. 
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1. INTRODUCTION 


Under Interagency Order C-32817-D, the Department of Trans 
portation, Transportation Systems Center (DOT/TSC) participated 
in a cooperative research program with the Department of Energy 
and NASA-Lewis Research Center. The objectives of this project 
were two-fold: 


1. To determine the ability of various diesel technologies, 
to improve fuel efficiency, reduce exhaust emissions, 
and 

2. To collect adequate particulate samples for chemical and 
biological characterization as part of the DOE Diesel 
Health Effects Research Program. 

The vehicle used for the portion of the program discussed in 
this paper was a Chrysler Volare 225 CID prototype diesel. This 
vehicle was loaned to TSC by Chrysler through contract DOT-TSC- 
1423. The Chrysler diesel (rated 95 hp at 3600 rpm) was tested 
at the DOT/TSC Automotive Research Laboratory in a 3500- lb inertia 
weight configuration (Figure a) following a matrix employed to 
test the Fiat 131 naturally aspirated and turbo-charged vehicles. 
The car was equipped with 225 CID indirect injection diesel engine 
and a four-speed manual transmission. The vehicle was tested over 
selected drive cycles and steady-state conditions on a large-roll, 
chassis dynamometer. Test cycles consisted of the EPA/Federal 
Test Procedure Urban Cycle (FTP) , the Highway Fuel Economy Test 
(HFET) , and the New York City Cycle (NYCC) . Steady- state measure- 
ments were collected at nine different speed-gear combinations. 
Approximately 5 grams of particulate matter were collected for 
use in the DOE Diesel Health Effects Research Program. (See 
Table A-l in Appendix.) 
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FIGURE 1. CHRYSLER VOLARE DIESEL IN A 3500 LB INERTIA VEHICLE 


2. EXPERIMENTAL DESIGN 


2.1 TEST VEHICLE 

This section describes the salient features of the Chrysler 
Volare Diesel (# 18M 279). For a more detailed description of 
the prototype vehicle and the test procedure refer to the Chrysler 
manufacture 's report and to Fuel Economy and Exhaust Balsa ions 
Characteristics of Diesel Vehicles; Test Results of a Prototype 
Fiat 131 NA 2, 4 -Li ter Automobile. 1 

2.1.1 Engine and Vehicle Specifications 

The engine, 225 CID (3.7 Liter) prototype indirect injection 
diesel rated at 95 hp at 5600 rpm, is a diesel conversion from 
the spark ignition Chrysler "slant-six" engine. The engine main 
specifications are given in Table 1. 


The vehicle's inertia weight was 3500 pounds. Tire size was 
ER78-14. The Chrysler vehicle was equipped with a four speed 
manual transmission with gear ratios of 3.09, 1.79, 1.00, and 
0.73, the axle ratio is 2.76:1. (Table 2.) 

2.1.2 Manufacturer's Data on Emissions and Fuel Economy 

The emissions rates measured by Chrysler at 7* BTDC static 
injection timing were 0.27 grams per mile of HC and 1.4 grams per 
mile of N0 X using the 1974 Hot FTP cycle. The manufacturer- 
determined fuel economy over this cycle was approximately 36 mpg. 
See Figures 7-9. The fuel economy results for the highway test and 
various steady-state conditions are given in Figure 2. 

2.1.3 Fuel 

The fuel used for these tests was produced by Phillips 
Petroleum according to the specifications of Bartlesville Energy 
Technology Center (BETC) for a "common lot" diesel fuel 


TABLE 1. 225 IN 3 INLINE 6 CYLINDER DIESEL ENGINE 

ENGINE SPECIFICATIONS 


Displacement, cubic Inches 

Maxima brake horsepower, bhp 9 3600 

Maxima torque, lb-ft 9 2000 

Bora and stroke. Inches 

Configuration 

Compression ratio 

Firing order 

Intake manifold material 

Block material 

Head material 

Exhaust manifold material 

Number of crankshaft main bearings.. 
Number of compression rings/piston.. 

Number of oil rings/piston 

Cam drive 

Valve size: 

Intake, Inches 

Exhaust, Inches 

Valve timing: 

Intake opens, "BTC 

Intake closes, "ABC 

Exhaust opens, "BBC 

Exhaust closes, "ATC 

Valve lift (zero la«,h) : 

Intake, Inches 

Exhaust, Inches 

Engine weight, lba 

Lubrication system 

Crankcase emission control: 


225 

95 

165 

3.401 x 4.125 
6 cyl - Inline 
21.5:1 
1-5- 3-6- 2-4 
Tubular - fabricated 
Cast iron 
Cast iron 
Nodular cast Iron 
4 
2 
1 

Chain 


1.58 

1.31 

2 

34 

52 

4 

0.366 

0.386 

450 

Rotary pump - full pressure 


Control method.... 
Point of discharge 
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Positive crankcase ventilation 
Air cleaner 


TABLE 1. 225 IN 3 INLINE 6 CYLINDER DIESEL ENGINE 

ENGINE SPECIFICATIONS (CONTINUATION) 

Fuel metering systems: 

Type DB-2 - Distributor 

Make Stanadyne 

Exhaust gas recirculation system: 

Valve type Laboratory 

Actuation Manual 

Point of discharge Air cleaner 

Exhaust system: 

Pipe diameter. Inches nominal 2.25 
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TABLE 2. 


CAK NUMBER 279 22S CID IN 3 INLINE 6, DIESEL 
VEHICLE SPECIFICATIONS 



- ■> ~ 

s - -w? 


Model Year 1979 

Make Plymouth 

Model Vo 1 are 

Body type 2 door sedan 

Power plant* 22S in 3 inline 6 Diesel 


Transmission: 

Type 

Ratios, forward 
reverse 


Manual 

3.09, 1.79, 1.00, 0.73 
3.00 


Axle : 

Ratio 2.76:1 

Gear diameter, inches ....... 7.25 

Tire size ER78 X 14 Glass 

Fuel tank capacity, gallons 18 

Accessories, engine load effective . . . None 
Inertia weight class, as tested, lbs . . 3500 

Horsepower load setting, hp 12.3 


» 


•See Table 1 for details. 


* 


ft 
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Fuel F.conomy, mpg 



HFET 


55 50 

Steady State, mph 
4 4 

Transmission gear 


FIGURE 2. MANUFACTURER’S DATA, HIGHWAY FUEL ECONOMY 
TEST (HFET) AND STEADY STATE 
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to be used for particulate measurements. The analysis of this 
fuel is given in Table 3. 

2.2 TEST EQUIPMENT 

This section briefly describes the test equipment and the 
gaseous and particulate measurement techniques. 

2.2.1 Dynamometer 

The DOT/TSC chassis dynamometer is a fully programmable 
direct-current machine with a single 50-inch diameter roll. The 
features of this dynamometer are shown in Table 4. This dynamo- 
meter can simulate, individually and in combination, loads due to 
rolling losses, aerodynamic drag, vehicle inertia, uphill and 
downhill grades, as well as road-speed air-flow. Test cell 
temperature is normally controlled at 77° ± 5°F. Vehicle inertia 
can be simulated electrically or mechanically via flywheels. For 
the tests conducted here, electrical simulation of inertia was 
used. 

The road-load horsepower setting for the vehicle was deter- 
mined on the road (Figure 3) by coasting-down the vehicle from 
60 mph using SAE Approved Practice J1263, "Road Load Measurement 
and Dynamometer Simulation Using Coast-Down Techniques". In the 
case of the programmable TSC dynamometer, the road-load was set 
over the complete speed profile (0-50 mph) and not just at the 50 
mph point (Figure 4). The road-load horsepower at 50 mph measured 
in this manner, was 10.5 hp. Chrysler, in their tests, used 12.3 
hp at 50 mph. 

2.2.2 Gaseous Emissions Measurements 

All measurements of gaseous hydrocarbons (HC) , carbon mon- 
oxide (CO), nitrogen oxides (NO x ) , and carbon dioxide (C0 2 ) , were 
performed using a 325 cfm Constant Volume Sampling (CVS), with a 
Critical Flow Orifice (CFO) (Figure 5). For all tests, the gas 
samples (except HC) were collected in Tedlar bags. The instrumen- 
tation and procedures employed are those designated by EPA. The 



TABLE 3. DOE/BETC FUEL ANALYSIS 


METHODS OF TESTS : 

1. Hydrogen/Carbon - calculation based on atomic weight. 

2. Specific gravity - ASTM D1298-67. 

3. Heating Value - ASTM D240-76. 

4. Hydrogen I - Pregl modified Ingram technique. 

5. Carbon I - Pregl modified Ingram technique. 

6. Sulfur % - ASTM D1552-64. 

7. Cetane Index - ASTM D976-66. 

8. Distillation - ASTM D86. 

9. Aromatics, olefins and paraffins - ASTM D2789-71. 


RESULTS : 

Hydrogen/Carbon Calculation 


Based on atomic weight 

J . 73 

Specific Gravity 

0.8499 

BTU per pound 

19,594 

BTU per gallon 

138,647 

Hydrogen, % 

12.62 

Carbon, 1 

86.97 

Sulfur, 1 

0.19 

Distillation, °F 

IBP 

30 3 

10% 

401 

50% 

406 

90% 

584 

End Point 

637 

Recovery, % 

98.5 

Cetane Index 

48.2 

Aromatics, 1 

24.7 

Olefins, % 

0.1 

Paraffins, % 

24.4 
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TABLE 4. DIRECT CURRENT CHASSIS DYNAMOMETER 
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ADJUSTABLE CONSTANT- SPEED CONTROL 
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FIGURE 3. DETERMINING ROAD LOAD HORSEPOWER SETTING 
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SPEED-KPH 


FIGURE 4. VOLARE DIESEL COAST -DOWN DATA 
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FIGURE 5. AUTOMOTIVE RESEARCH LABORATORY PARTICULATE /GAS 
SAMPLING SYSTEM (CHARACTERIZATION) 
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p\ jAvncvc 

instrumentation, AJUZ.ludrth nan-dispersive infrared (NDIR) analyzers 

for CO and CO 2 , a chemiluminescence analyzer with converter for 

N0 x , and a heated flame ionization detector (FID) for hydrocarbons 

(Table 5). For further detail regarding test procedures and 

4 

instrumentation please refer to the Fiat 131 NA Report. 

2.2.3 Particulate Emission Measurement 

Particulate mass measurements were performed using a dilution 
tunnel and the EPA recommended procedures for light-duty diesel 
vehicles. 5 The 8-inch diameter tunnel and its associated hardware 
are shown schematically in Figure 5. Tunnel specifications are 
listed in Table 6; particulate sampling instrumentation is indi- 
cated in Table 7. 

To determine particulate mass (grams per mile), a sample of 
the diluted exhaust was extracted from the bulk-stream tunnel 
flow at a point which was 11 tunnel diameters downstream of the 
vehicle exhaust injection. The particulate sample probes (two 
each) were 1-inch diameter stainless-steel. The filter medium 
used was a 47-mm Pallflex T60A20 Teflon-coated fiberglass element 
held in Millipore model I quick-release holders. 

For the substantial amounts of particulate matter needed for 
the DOE Diesel health Effects Research Study, 20-inch x 20-inch 
Pallflex type T60A20 filters were used. These filters were 
mounted in parallel in two filter holders (Figure 6)that sampled 
approximately 25% of the exhaust stream after the dilution tunnel. 
All large and small filters were stored in a temperature and 
humidity controlled room prior to sample collection. After 
collections, the filters were allowed to stabilize in the weighing 
room prior to reweighing. After weighing, filters were placed in 
Tedlar envelopes and placed in dark freezer storage (approximately 
-20°C) as is recommended by EPA/RTP. 
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TABLE 5. GASEOUS EXHAUST EMISSION INSTRUMENTATION 


Exhaust 

Species 

Method 

Model 

Number 

Hydrocarbon 

Heated Flame 
Ionization Detector 

Scott 21S 
Beckman 402 

Carbon Monoxide 

Non-Dispersive 
Infrared (NDIR) 

Horiba A1A-21 (AS) 
low range MSA 202 
high range 

Nitrogen Oxides 

Chemi luminescence 
with Thermal Converter 

Scott 12S 

Carbon Dioxide 

NDIR 

MSA 202 

Oxygen 

Paramagnetic 

Beckman 

Calibration Gases 

± 2t National Bureau of 

Standards Traceable. 


j 
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TABLE 6. EXHAUST DILUTION TUNNEL SPECIFICATIONS 
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TABLE 7. EXHAUST PARTICULATE SAMPLING AND MEASUREMENT 

“ r 
4. V 4 


Characteri zation 


Sample 

Probes 

1 in. diam. stainless steel 

Filter 

Holder 

Millipore 47 mm 

Filter 

Medium 

Pallflex T60A20 Fluoropore 

Sample 

Flow Control 

Tylan Mass Flow Controller Model 
FC202 and FMT-3 electronics unit 
Model FMT-3 Integrator 

Scale 


Cahn Electrobalance, Model G 

Large Volume Collection 


Filter 

Media 

Pallflex T60A20 20" x 20" 

Sample 

Flow Control 

PDP pumped sample of approx. 100 
cfm 

Scale 


Mettler P1200 (Modified) 


1 
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FIGURE 6. AUTOMOTIVE RESEARCH LABORATORY PARTICULATE/GAS SAMPLING 
SYSTEM (LARGE SCALE PARTICULATE COLLECTION) 
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3. TEST PROCEDURES 


The laboratory test procedures used for determining the 
gaseous and particulate emissions rates and the fuel economy of 
the Chrysler Volare are those described in tie Code of Federal 
Regulations .^ For further detail refer to the Code or the Fiat 
131 NA Report. Two types of tests were conducted: 

o Characterization tests from which the gaseous and 
particulate exhaust emission rates and fuel economy 
were determined, and 

o Large-volume sampling tests during which large amounts 
of diesel exhaust particulates were collected on 20-inch 
x 20- inch filters for chemical and biological analyses. 

The characterization tests employed the Federal Test Proce- 
dure Urban Cycle (FTP) , the Highway Fuel Economy Test (HFET) , and 
the New York City Cycle (NYCC) in addition to the steady-state 
speeds of 15 mph in second gear, 25 moh in second gear, 30 mph in 
third gear, 40 mph in third and fourth gear and 50 mph in third 
and fourth gear, 55 mph in fourth, and oC mph in fourth gaar. The 
large -volume sampling test involved only cyclic tests. Table I 
summarizes the characteristics of the three transient test cycles. 
Shift points are made according to the manufacturer's recommendation; 


1st to 2nd gear.... I 15 mph 
2nd to 3rd gear.... I 25 mph 
3rd to 4th gear.... I 40 mph. 
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TABLE 8. DRIVE CYCLE CHARACTERISTICS 













4. RESULTS 


ORIGINAL PAGE » 
OF POOR QUALITY 


4.1 GENERAL 

The Chrysler Volare diesel exhibited good overall performance. 
Periodically, some stalling problems were encountered during the 
initial accelerations of the cold-start FTP. No explanation was 
apparent for these periodic problems. According to Chrysler, the 
vehicle static injection timing was set at 7° BTDC. This setting 
would give the optimized fuel economy. Chrysler measured the 
fuel economy, HC emissions, and N0 x emissions of the vehicle as a 
function of the injection timing using the 1974 "hot" FTP cycle. 
These results are shown in Figures 7, 8, and 9. Chrysler also 
measured the highway fuel economy (HFET) and steady-state fuel 
economy at four speed/gear combinations and at three injection 
timings (6°, 15° 8 18° BTDC). These results are shown in Figure 
2 . 

4.2 OVERALL RESULTS 

According to the results reported here (Figure 10) the Chrys- 
ler could not meet the 1981 Federal Emission Standards of 0.41/ 

3. 4/1.0 g/mi of HC/CO/NO x respectively. The Chrysler Volare 
diesel had g/mi emissions of 0.42/1.58/1.17 of HC/CO/NO x . EPA 
may grant a waiver for new technology to 1.5 g/mi of NO x . However, 
prototype vehicles must be designed to approximately 20 percent 
below regulated emission levels to account for production vari- 
ability. The Chrysler Volare could meet the 1982 particulate 
emission standard of 0.6 gm/mile, but could not meet the proposed 
1985 particulate standard of 0.2 gm/mile. (Note: all standards 

are currently up for review during 1982 Congressional action on 
the Clean Air Acts.) probably be made less stringent.) 

Numerical tables of the results are included in Appendix A. 
Figures 10 through 12 are bar graphs of the emissions and fuel 
economy for each test. Emissions and fuel economy were heavily 
dependent on the drive cycle characteristics (See Table 8). For 
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M-4 Transmission 
2.76 Axle 

Roll SetCing 3500 lb. I.W. 



FI TURF. 7. FUEL ECONOMY TESTS 
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HFID HC Emissions, grams/mile 



IS 


M-4 Transmission 
2. 76 Axle 

Roll Setting 3S00 lb. I.W. 
12.3 hp 



NO Emissions, grams/mile 
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M-4 Transmission 
2. 76 Axle 



FIGURE 9. NOx EMISSIONS 
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FIGURE 10. EMISSIONS AND FUEL ECO 



FIGURE 11. FUEL ECONOMY OF A CHRYSLER VOLARE DIESEL STEADY STATES 
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FIGURE 12. EMISSIONS OF A CHRYSLER VOLARE DIESEL STEADY STATES 













ORIGINAL 
OF POOR 

example, the average speed of the NYCC is 6.6 mph and the measured 
fuel economy was 18.4 mpg, with emissions rates of 0.69/3.76/1.79/ 
0.77 for HC/CO/NO x and particulates, g/mile respectively. On the 
other hand, the average speed of the FET highway cycle is 48.2 
mph and the Chrysler Volare diesel measured 48.8 mpg over this 
cycle . 

Emission rates and fuel economy are temperature dependent as 
is evident by a comparison of the FTP bag 1 cold-start transient 
cycle, to bag 3 hot-start transient cycle. (See Appendix A). 
Hydrocarbons, carbon monoxide, and particulates decrease signifi- 
cantly from bag 1 to bag 3 whereas fuel economy increases by 18 
percent. This temperature dependence is evident in a comparison 
of the Chrysler data using the "hot" 1974 Urban cycle (Figure 7) 
and TSC's data using the FTP cycle (Figure 10) .The Chrysler fuel 
economy results are approximately 4 mpg higher then the TSC 
results even though the TSC dynamometer loading was 1.8 hp less 
at 50 mph (10.5 vs 12.3). The effect of the dynamometer loading 
is evident in the FET highway tests and the higher speed steady 
state tests where the TSC-measured fuel economy is approximately 
10 percent higher than those measured by Chrysler. 

4.2.1 Emissions 

The hydrocarbons varied from a high of 0.69 gm/mile with the 
NYCC to 0.05 gm/mile at 40 mph in 4th gear. Carbon monoxide 
was highest for the NYCC (3.76 gm/mile) and lowest at the 15 mph 
in 2nd gear steady-state condition (0.11 gm/mile). Oxides of 
nitrogen were again highest in the NYCC (1.8 gm/mile) and lowest 
at 30 mph in 3rd gear (0.84 g/mile). Oxides of nitrogen emissions 
were the least sensitive to the test condition. Particulate 
emissions varied from 0.77 g/mile for the NYCC to 0.09 gm/mile at 
30 mph in 3rd gear. 

4.2.2 Fuel Economy 

The measured fuel economy of the Chrysler Volare for the FTP 
urban cycle was 32.7 mpg. The highway fuel economy (FET) was 
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48.8 mpg. The best fuel economy was measured at 30 mph in 3rd 
gear, 61.9 mpg. Chrysler states that the Volare vehicle was built 
to demonstrate the best possible fuel economy, and that the urban 
milage obtained with this vehicle is evidence of levels that can 
be achieved with this diesel engine. A similar vehicle with auto* 
matic transmission, a higher rear axle ratio, and increased 
accessory loads was also tested by Chrysler. The "hot" urban 
cycle fuel economy test results from Chrysler for this vehicle 
was 26.5 mpg. 
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5. CONCLUSIONS 


The dieselized version of the Chrysler "slant 6" engine per- 
formed well during these tests except for stalling problems en- 
countered during accelerations of the cold-start FTP. This NA en- 
gine provided adequate power and acceleration. The fuel economy 
with the four-speed standard shift vehicle and 2.76:1 rear-axle 
ratio was extremely good for a 3500 lb test vehicle. Although the 
Volare could not meet 1981 emission standards* especially when 
considering production variability, some engine design changes 
could be used to improve performance and emissions. These changes 
include : 

1) EGR for NO x control, 

2) Turbocharging with fuel system modifications for increased 
performance and, reduced emissions, 

3) Improved fuel - in j ect ion system or electronic fuel injec- 
tion control for HC and CO control. 

The particulate level over the FTP cycle for the Chrysler Volare 
was low (0.28 gm/mile). However, in order to meet the proposed 
1985 particulate level of 0.2 gm/mile, exhaust after-treatment 
may be required. 

Chrysler, has studied the effects of EGR, turbocharging, and 
fuel system changes on fuel economy and emissions. Using engine 
maps and computer simulations, they studied the various fuel 
economy/emissions trade-offs for various emission control strate- 
gies. The reader can contact the author at the Transportation 
Systems Center, to learn when the report of these Chrysler studies 
will be available. 
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TABLE A- 1 . LARGE VOLUME PARTICULATE SAMPLES 


CYCLE 


NET MASS 
(grams) 

DOE FUEL 

FTP Urban 




Bags 1 and 2 

1.84 


Bags 3 and 4 

0.89 

HFET (Highway) 


1.23 

NYCC 
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TABLE A-2 . EMISSIONS AND FUEL ECONOMY VOLARE DIESEL AVERAGES 


EMISSIONS 


CYCLE 


PARTICULATE FUEL ECONOMY 


(g/mi) |(g/mi) |(g/rai)| (g/mi) 


FTP Bag 1 1.10 2.57 

Bag 2 0.29 1.16 

Bag 3 0.26 1.64 

COMPOSITE 0.42 1.58 


.10 2.57 

.29 1.16 



NYCC 


0.11 0.36 0.96 0.11 


.69 I 3.76 I 1.79 I 0.77 


(mpg ) 


30.4 
32.3 
35.8 
32. 7 


48.8 


18.4 


15 MPH/2nd GEAR 0.13 
24 MPH/ 2nd 0.21 


30 MPH/3rd 
40 MPH/3rd 
40 MPH/4th 
50 MPH/ 3rd 
50 MPH/4th 
55 MPH/4th 
60 MPH/4th 



0.21 
0.10 

0.07 0.54 

0.05 0.25 0.85 

0.10 0.54 0.94 

0.06 0.34 0.85 

0.09 0.30 0.98 

0.13 0.28 . 1.13 



0.14 

0.04 

0.15 

0.11 

0.11 

0.10 


41.7 

42.1 
61.9 
51.6 

60.1 

48. 1 

53.2 
46. 2 

44.2 


























TABLE A- 3 . EMISSONS AND FUEL ECONOMY VOLARE DIESEL FTP CYCLE 
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TABLE A-4 . EMISSIONS AND FUEL ECONOMY VOLARE DIESEL ALL CYCLES 
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TABLE A- 5. EMISSIONS AND FUEL ECONOMY VOLARE DIESEL STEADY STATE SPEEDS 
VARIOUS GEARS 
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the corresponding H«11ton1*n is teken to be 
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*•** **" defined, end II cannot directly drai upon the standard electron ulthin the spherical unit cell. The total ground state energy for the full 

gas result (4). However, It lends Itself nore readily to direct physical Hail 1 ton 1 an (1) is then estimated using the techniques described In Section 

approx teat Ion: for examplo, It calculates approximate one-electron uave 111. 

functions rf»1cl» ore Inaccessible *1a the structural expansion. (The 
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the fol loving «e will MM the results of the first Method. Itl u energy of electrons In the presence of o putative static *ra*als 

The ground state energy of this last Model Is again plotted In figure lattice of protons. (The najor difference hetueen this nodel and a pi. 

3. The MlnluMi falls « r % - t.M. «diere E° - - 1.03S «y. a value *lch », b ie p1ctur * of Gallic hydrogen Is the lack of . Ionic notion.) The 

is In close agreenent with the results of Tua and IWian." results do. houever, shoe that If Mtalllc hydrogen eatsts In a stable 




U. E. Wtjner and F. Still, F*iys. *tv. 4^ 904-810 (1933). 

12. He use the notation Of N. Mranoulti and 1. Sttfun, Hand b ook of 
Hathgatltaj Functions (Hat Iona) lurtau of Standards. Has* ln« ton 
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